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1 Introduction 
Recent studies on non-invasive recordings from 
human brain have shown the existence of taste-
elicited activation areas in the cerebral cortex [1,2]. 
Magnetoencephalogram (MEG) is a popular 
instrument for these non-invasive measurement as 
well as functional MRI (f-MRI) and positron CT 
(PET). The advantage of MEG measurement is 
easy to analyze a time-course data as a function of 
taste-elicited information processing in brain, 
compare with f-MRI or PET study.  
In the following study, we tried to detect the 
stimulus latency of brain magnetic field evoked by 
different tastants which have different peripheral 
mechanisms, also have different latency in taste cell 
by animal electrophysiological approaches [3]. In 
addition, to confirm the primary latencies of taste-
elicited activation in human brain, we used taste-
modifying substance, which is contained in miracle 
fruit. Miracle fruit has a property of changing sour 
taste of acids to sweet taste. Using taste-modifying 
substance, we can confirm the differences of 
latencies by same taste stimulant.  
We improved the system of taste stimulation.  The 
stimulus onset and the intensity of taste stimulants 
are important for a detection of evoked brain 
magnetic fields. We utilized a special mouthpiece 
for continuous-flow taste stimulation system. This 
mouthpiece can stimulate wider area of human 
tongue than previous system [4].  
As for the analysis of source estimation, the 
equivalent current dipole method was utilized in 
this study.  
We report the method for taste-elicited MEG 
measurements would be very useful on study of 
gustatory information processing in human brain. 

2 Methods 
2.1 Subjects and taste stimuli 

Seven healthy volunteers (six males and one female, 
three right-handed and four left-handed) were 

recruited for subjects.  Their ages were between 22 
and 35 years old.  
Two taste stimulants were used for the experiments: 
50 mM citric acid solution as for sour taste and 
500mM sucrose solution as for sweet taste stimulus. 
In addition, for extra sour taste session, one or two 
pieces of miracle fruit were chewing 5 minutes 
before taste sensation.  

2.2 MEG measurement and taste stimulation 
system 

Brain magnetic fields were measured by whole 
cortex type DC-squid system (Neuromag-122). 
122ch MEG signals were recorded through a band-
pass filter and AD sampling for digital recordings.  
A new taste stimulation system was used for our 
experiments. Figure 1 illustrated the continuous-
flow taste stimulation systems.  Each taste solution 
is stored in the bottle. A computer-controlled 
stimulus delivery system was utilized for applying 
taste solutions and rinsing water. A stimulator part 
was a special designed mouthpiece, which is a kind 
of flow chamber covering the anterior part of 
subjective tongue. Each individual taste solution 
was inserted between rinse solutions. Its duration 
was 25 seconds. A duration of taste solution was 
400 milliseconds, and a short duration of air space 
was inserted between taste and rinse solution, 
which prevented taste solution diffused to rinse 
solution. 
Taste solutions were colored as to detect the onset 
of taste stimulation. It gained a trigger signal for 
MEG averaging. 

2.3 Experimental procedure 
Subjects were instructed to following three 
experimental sessions: 
1) Experiment 1: 50 mM citric acid. 
2) Experiment 2: 500 mM sucrose. 
3) Experiment 3: 50 mM citric acid after chewing 

miracle fruit. 
4) Experiment 4: water as a negative control 
All sessions were required more than 40 trials taste 
stimulation and averaged by stimulation trigger 

(A) 



onset. MEG signals were recorded through 0.03 – 
100 Hz analog filter and AD converted. Sampling 
frequency was 400 Hz. After getting 122 channels 
averaged data, souse estimation was carried out by 

equivalent current dipole (ECD).  Analytical 
criteria were as follow [5]. 
1) goodness of fit > 80 % 
2) confidence volume < 2000 mm3  
3) estimate duration > 10 ms 

 
 

                    
Figure 1:  Taste stimulation system for measurement of MEG. Each taste stimulant was controlled 

sequentially divided by rinse solution (A).  Computer controlled continuous-flow system (B).   
 
 
 

3 Results 

3.1 Latency for each taste stimulus 

Figure 2 showed the results of averaged MEG 
waveforms and counter-maps for source estimation.  
Estimated latencies by ECD were 220 msec for citric 
acid and 385 msec for sucrose respectively. In 
addition, a latency of citric acid after chewing 
miracle fruit was 320 msec.  Water did not react at 
all. Any reaction latencies did not detect by our 
criteria before these latencies. 
Averaged latency between seven subjects was 261 
msec for citric acid, 435 msec for sucrose, and 408 
msec for citric acid after chewing miracle fruit 
respectively. These latencies did not have statistical 
differences. !
 
 
 

 
 

3.2 Source estimation for each taste 
stimulus 

Figure 3 showed ECD locations for each taste 
stimulus by superimposed on subject’s MR image. 
These locations calculated from the first latencies of 
taste stimuli in Figure 2 respectively. The souse of 
responses to any taste stimuli were located the 
parietal or frontal operculum, insular cortex, 
superior temporal gyrus, or precentral gyrus.  
The laterality of activated area was still unclear. It 
tended that citric acid was estimated on a right side 
and sucrose was estimated on a left side. Citric acid 
after chewing miracle fruit was mostly estimated on 
the same side of sucrose. 
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Figure 2: Representative averaged waveforms selected by 122ch MEG signals and 

counter-maps at an estimated latencies by ECD. (A) 500 mM sucrose  (B) 50 mM 
citric acid (C) 50 mM citric acid after miracle fruit (D) water. Stimulus onsets for 
tastant and baselines were noted on each waveforms.   

 

 
Figure 3: ECD locations projected MR image. Activated areas and its latencies were 

analyzed by ECDs criteria. (A) 50 mM citric acid (B) 500 mM sucrose (C) 50mM 
citric acid after chewing miracle fruit.   
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3 Discussion 
Positions of signal sources on the subjects’ MR 
images were almost in the same area for sucrose and 
citric acid. These areas were the insula cortex and 
the frontal operculum areas supposed to be the 
primary taste area in human brain [6].  
Latencies of signals were different for sucrose and 
citric acid. The latency for citric acid was faster than 
that for sucrose. This may suggest different 
transduction mechanism, perhaps lying in the 
peripheral taste processing [7]. Sweet taste signal 
transduction in taste receptors is mediation by the 
second messenger system. That is a reason why the 
latencies of citric acid faster than sucrose in the 
brain first taste information processing.  
The laterality of activated area by different taste 
stimuli was still unclear. It tended that citric acid 
was estimated on a right side and sucrose was 
estimated on a left side. Citric acid after chewing 
miracle fruit was mostly estimated on the same side 
of sucrose. The fact that citric acid shows sour taste, 
which is aversive stimulation, and sucrose shows 
sweet taste, which is favorable stimulation, indicated 
that the laterality of taste stimulation would be 
reflect subject’s emotion to taste sensation [1,2]. 
Responses to citric acid after chewing a piece of 
miracle fruit had same or slightly faster latency 
compare to sucrose stimulation. Miracle fruit, red 
berries of a native shrub in tropical West Africa, 
contain a taste-modifying protein, called miraculin, 
which has the property of changing sour taste of 
acids to sweet taste [8]. It is suggested that taste 
sensation of the sour taste would change to sweet in 
the human brain. The fact that peripheral processes 
based on the conformation changes of sweet taste 
receptor also be able to confirm in human brain 
responses measured by MEG. The reason why the 
latencies for miracle fruit slightly faster than that for 
sucrose, that some subjects feel mixed sensation of 
sour and sweet taste after chewing miracle fruit. In 
addition, peripheral mechanism supported that 
miracle fruit could not perfect blocking of the active 
site for sweet taste substances. 
To conclusion, it was very useful for analyzing 
human taste information processing using MEG 
measurements.  
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